Introduction
To counsel parents and provide compassionate, ethical care, it is important that obstetric, pediatric and Neonatal Intensive Care Unit (NICU) caregivers of premature infants be knowledgeable about developmental outcomes, both those published in the literature and those of their own unique graduate populations. These data should be as current as possible, as changes in care may affect clinical outcomes. The use of surfactant has greatly improved survival and decreased complications, such as air leak and chronic lung disease, in the last several years. [1] [2] [3] [4] [5] [6] [7] [8] [9] Published outcomes have come from either single-center academic institutions [10] [11] [12] [13] [14] [15] or elaborate multi-academic center collaborative studies, [16] [17] [18] [19] [20] [21] [22] [23] analyzing thousands of tiny survivors from many NICU's showing extreme variation in outcomes. 21 Recent studies focus on the earliest gestational age (GA) infants 16, 18, 19 or infants less than 1000 g, also called extremely low birth weight (ELBW). 10,12,15,17,20 -23 Emphasis has shifted away from less than 1500 g, or very low birth weight (VLBW) infants to ELBW due to the assumption that 1000 to 1500 g infants have few later problems.
We report outcomes from our Community Level 3 NICU measured by Bayley Scales of Infant Development (BSID) test scores. Testing was carried out at 24 months corrected age and analyzed as: (1) 'normal', which we define as within 1 standard deviation (s.d.) of the mean on both the Mental Developmental Index (MDI) and Psychomotor Developmental Index (PDI) portions of the BSID, which can be compared with 60% of the 24-month normal standardization sample on the BSID (M Pinon, Research Director, The Psychological Corporation, 10 September 2003, personal communication), (2) MDI only score more than 84, which is within 1 s.d. of the mean (68% of the standardization sample scores are within this range in a normal bell-shaped distribution curve) or (3) MDI score more than 69, which is within 2 s.d. of the mean (95% of a normal sample). These scores are graphed by both completed weeks GA and by 100 g BW categories up to 1499 g. The study includes infants born during or after August 1990, when surfactant was routinely used in our practice and who were tested at 24 months corrected age before January 2005.
We also discuss differences in surviving infants between those who were inborn and outborn, intrauterine growth retardation (IUGR) and appropriate for gestational age (AGA), male and female, multiples and singletons and Medicaid and non-Medicaid.
Infants born before and after March 1996, when, among other changes, high-frequency oscillatory ventilation (HFOV) came into routine use in our unit, are also compared. These analyses are also made by both GA and BW. Finally, we show both sides of a pocket-sized laminated card which we distribute to the obstetric, neonatal and pediatric caregivers associated with our NICU.
Methods
All infants of any GA less than 1500 g BW are included in the NICU Follow-Up Program at Good Samaritan Hospital in San Jose, CA, USA. Good Samaritan Hospital is a privately owned 395 bed general hospital. The southern most California Children's Services licensed level 3 Community NICU in Santa Clara County, Good Samaritan accepts referrals of high-risk mothers and sick newborns from the San Jose, California, area and counties south of San Jose, regardless of insurance status. Transports are by ambulance or helicopter. The NICU is staffed in-house by board-certified neonatologists in private practice, and by neonatal nurse practitioners. Admissions to the NICU have averaged 520 per year since 1990. The NICU is located directly across the hall from the delivery rooms. The same four senior neonatologists provided neonatology leadership throughout the study period.
Infants enrolled in the program were tested at 6, 12 and 24 months corrected age by a Master's level developmental specialist with advanced training in the BSID. The program was funded by the hospital and families were not billed for program visits.
Scores were included in this analysis if both the MDI and the PDI were obtained after 19 months corrected age. The scores of all infants reported, except six were obtained at 24 months corrected age. If scores were not obtained at 20 months or more, the infants were considered 'lost', which totalled 16% of the 285 infants less than 1000 g and 31% of the overall 827 infants. Survival data for the period of August 1990, through December 2002, were calculated only on those infants less than 1500 g who were admitted to the NICU. The unit policy was to admit to the NICU and attempt resuscitation of infants through 24 completed weeks of gestation. At 22 and 23 weeks, after counseling by perinatology and neonatology, parents could request admission and resuscitation. Parents could also request discontinuation of support during the hospital course if a very poor prognosis was expected.
Infants with major anomalies, abnormal chromosomes, cystic fibrosis and ichthyosis were excluded from this report. Also excluded were transfers out within the first 7 days, usually due to insurance request, and late transfers in at more than 1 month of age. Convalescent infants transferred back to referring hospitals were included. Scores of infants tested using the BSID-I, which included those who were 24 months corrected age before 1996, were converted to BSID-II equivalent scores extrapolated from Table 6 .10 of the Bayley Manual. 24 Survival and BSID scores were graphed by both GA and 100 g BW categories. Accompanying tables include the numbers and percent of infants who survived to discharge from the NICU, as well as the percent of those tested in three categories: (1) 'normal', both MDI and PDI >84, (2) MDI >84 and (3) MDI >69. Linear regression analysis on SAS using t-statistics and P-values was performed to determine the statistical significance of the graphed BSID scores.
Not graphed, but shown on the accompanying tables are the percentages of infants scoring less than 50 on both the MDI and PDI. Numbers of infants who died after hospital discharge before age 2 years are also listed in the tables.
We defined IUGR (BW below the 10th percentile) as follows: infants less than 400 g BW were considered IUGR for 23 weeks GA and criteria increased by 100 g for each week up to 1100 g for 30 weeks. The reverse was considered IUGR by BW, that is, 400 g infants were considered IUGR if more than 23 weeks GA and that was increased by 1 week GA per 100 g up to 1400 g at 33 weeks. This definition was consistent with three recently published fetal growth curves. [25] [26] [27] Scores of IUGR infants were compared to AGA infants in their BW and GA categories. Fisher's exact test was used to determine the statistically significant differences between outcomes of IUGR and AGA infants.
The scores of infants born as multiples were compared to those of singleton infants. Medicaid infants were identified on admission if the mother was enrolled in Medicaid for her prenatal care or if the infant became enrolled during the hospitalization because the family had no insurance. Medicaid infants were compared to the non-Medicaid (privately insured) infants. Outborn infants were transferred to Good Samaritan by the NICU transport team after stabilization. Outborn and inborn infants' scores were compared. Outcomes for boys and girls were compared by both GA and BW. Finally, we separated the infants born before and after 1 March 1996. There were several changes in the NICU around that date, the most significant being routine use of the HFOV in sick infants less than 1000 g BW. Comparison was to assess whether outcomes were significantly different over the first and second halves of the study period in view of changes in care. Differences between multiples and singletons, Medicaid and non-Medicaid, outborn and inborn, boys and girls and pre-and post-March, 1996, were analyzed by w 2 by R using a contingency table to compare the two groups.
Results Figure 1a shows one side of our pocket card with data graphed by 100 g BW categories. Table 1a shows the numbers and percent of these infants along with further information about them. There were 239 infants who weighed less than 1000 g tested, with a return rate of 84%. There were a total of 572 infants tested less than 1500 g with an overall return rate of 72%. The percentages of infants admitted to the NICU who survived were graphed. Scores of those tested were graphed for 'normal', MDI >84 and MDI >69. Linear regression analysis showed a highly significant correlation between improved outcome and increasing birth weight (BW) in the 'normal' category (P ¼ 0.0001). Although there is a similar obvious correlation in the categories MDI>69 and MDI>84, those parameters do not meet statistical significance (P ¼ 0.6655 and 0.4921, respectively) because of higher scores than expected only in the 600 g infants. In addition to the numbers of the graphed data, the accompanying table shows the numbers of infants tested and lost, numbers and percent in the <50/<50 (MDI<50 and PDI<50) categories, and the numbers who died after discharge. Causes of these late deaths were one each respiratory syncytial virus, liver failure, heart block, obstructed tracheostomy, aplastic anemia and meningococcemia and two due to sudden infant death syndrome. There were seven blind infants, all of whom tested <50/ <50. One of these was cortically blind and seven were blind due to retinopathy of prematurity. There was one hearing impaired infant, 25 weeks GA, who scored 83/87 at 24 months. There were 13 infants with grade 3 or 4 intraventricular hemorrhage (IVH). Eleven of these were tested. This made up 1.6% of the total number of infants and 1.9% of those tested in the BW analysis. Five of the 11 tested and six of the total 13 had ventriculoperitoneal shunts. All 11 scored <70 on the MDI and all shunt patients tested scored <50/<50. There were 223 more survivors in the BW analysis than in the GA analysis. The GA of these 223 infants was more than 30 weeks and, therefore, not included in the GA analysis. All but a few infants were of Caucasian, Hispanic or Asian origin or of mixed race. Figure 1b shows the reverse side of our pocket card with similar data graphed by GA categories between 23 and 30 weeks. Table 1b gives their accompanying numbers. There were 436 infants tested, which was 72% return. Eighty-three percent of those 26 weeks or less were tested. Linear regression analysis showed that, in the MDI>69 analysis, there is a significant correlation (P ¼ 0.0445) between higher GA and better outcome even though the range is only 66 to 82%. Moreover, in MDI>84, there is a very highly significant correlation (P ¼ 0.0006), and in 'normal' there is a highly significant correlation (P ¼ 0.0058). In this GA analysis, 2.1% of the survivors had grade 3 or 4 IVH, which was 2.5% of those tested. The results at 30 weeks GA are lacking 44% of the total number of 30-week infants born during the study period because they were larger than 1500 g. Although the graph shows an expected improvement in scores at 30 weeks over 29 weeks, the validity of this point on the graph can be questioned. It is possible that the 30-week outcomes might have been better if scores of the larger 30-week infants had been included. In addition, there were 14 (10%) 29-week infants reported to be more than 1500 g, 3 (2.5%) 28-week infants and one 27-week infant not included in the study. Overall, these BSID-II scores do not approach those of the normal standardization samples (60% for both MDI and PDI>84, 68% for MDI>84, 95% for MDI>69) until 1400 g and 30 weeks GA.
Infants in the BW analysis born before and after March 1996, when HFOV came into use, showed no significant differences. Thirty-four percent of those tested (196) were born before March 1, 1996, and 66% (396) after. Included are the scores of nine 400 g infants and one 383 g infant born after March 1996, with no infant under 500 g surviving before 1996. There were also no differences in the pre-and post-1996 data by GA (Table 2) .
Thirty percent of the infants tested (27% of the total) were multiples in both the BW and GA analyses. Significantly more multiples returned for follow-up (76 vs 67% by BW, P ¼ 0.014, and 81 vs 68% by GA, P ¼ 0.0034). There were no significant differences in their scores (Figure 2 ).
Ten percent of the infants were outborn. Although there were no significant differences in percent tested in either analysis, the outborn babies in the BW analysis did significantly worse in MDI>69 (60 vs 81%, P ¼ 0.0008) and MDI>84 (36 vs 54%, . 'Normal' is both MDI and PDI>84. Syndromes and major anomalies and diseases were omitted. For points of reference, in normal standardization samples, 60% test 'normal', 68% test 'mental >84' and 95% test mental >69'. Note that 'survival' denominator is only those infants admitted to the NICU who received full resuscitation and were not stillborn. P ¼ 0.017) but not in 'normal' or <50/<50. This difference did not reach significance, however, when the fewer numbers in the GA analysis were compared.
Infants insured by Medicaid comprised 20% of the total in the BW analysis and 14% of those tested. When analyzed by GA, 16% were Medicaid, which was 12% of those tested. Very significantly, fewer Medicaid infants were seen for testing in spite of the fact that extra efforts were made to persuade them to return. By BW, 49% returned vs 74% (P ¼ 0.000000) of non-Medicaid, and by GA it was 51 vs 76% ( P ¼ 0.0000). The Medicaid infants who were tested did significantly worse in all categories, except <50/<50 (Figure 3) . The biggest differences were in MDI>84 (P ¼ 0.000012 by BW and 0.0053 by GA) and MDI>69 (P ¼ 0.0009 by BW and 0.0025 by GA).
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larger numbers of infants in the BW analysis were compared, there were some differences. Girls did better than boys when all less than 1500 g infants were included in MDI>69 but not in 'normal', >84 or <50/<50. When boys and girls less than 1000 g were compared in the BW analysis, girls also did better in MDI>69 (78 vs 65%, P ¼ 0.038), MDI>84 (49 vs 32%, P ¼ 0.011) and <50/<50 (5 vs 15%, P ¼ 0.030), but not in 'normal'. When girls and boys between 1000 and 1500 g were compared, girls did better only in the MDI>69 group (90 vs 79%, P ¼ 0.011). (Figure 4 ). IUGR infants comprised 14% of the total GA analysis and 17% of those tested. They comprised 21% of the BW analysis and 22% of those tested. The percent in each GA and BW category of those infants tested are shown in Figure 5 . These graphs would be nearly the same if shown for total numbers of IUGR infants including those lost. When outcomes for all GA and BW were pooled, IUGR infants did worse than AGA at their same GA in 'normal' (P ¼ 0.02833), MDI>69 (P ¼ 0.00055) and MDI>84 (P ¼ 0.03739). IUGR infants overall performed similar to AGA infants in their same BW categories for MDI>84. For 'normal' and MDI>69, IUGR infants are also similar to AGA, with the exception of the 1100 g infants who did worse in both (P ¼ 0.031 and 0.028, respectively) as seen in Figure 6 . Figure 7 illustrates this in a different way, showing separate graphs for each category by GA with the IUGR infants' line being lower for the most part. However, when plotted separately by BW, the lines for the IUGR infants overlap those of the AGA infants.
Discussion
Our study enhances understanding of ELBW and VLBW outcomes in the surfactant era. It is unique because it comes from a Figure 2 Comparison of multiples and singletons by both gestational age and BW. Community Level 3 NICU and shows statistical correlation between improving BSID-II scores in three separate categories by increasing GA and by increasing BW in one category with a clear trend in the other two (as seen in the graphs in Figure 1a and b). Piecuch et al. 15 and others 11, 23 previously found no such correlation. More recently, some of the multi-center studies have suggested a correlation between outcome and BW 17, 20 or GA, 14, 16, 18, 20 but none have shown a graphed correlation up to 1500 g and 30 weeks. The NICU outcomes less than 1500 g DH Conom et al correlations in our outcomes applied to infants over 1000 g and 27 weeks even though our follow-up rates in those larger infants were not as good as for the earlier and smaller infants. Our outcomes show that infants between 1000 and 1500 g and 27 and 30 weeks remain at risk for developmental delay. As many premature infants show sometimes transient motor delays on the 24-month BSID-II, looking at MDI scores >84 instead of 'normal' provides a somewhat more optimistic outlook. While the worst any GA group did was 34% scoring MDI<70 in the 24 week GA group, half the infants at 400 g BW and 44% at 500 g were similarly significantly delayed. Thus, BW may be more significant than GA in determining prognosis at the edge of viability. Recently, Hack et al. 12 have questioned the predictive value of low 20-month corrected BSID-II scores in their study of ELBW infants retested at 8 years of age. Earlier, Koller et al. 13 showed similar patterns to Hack et al. in a group of infants with low MDI scores, some of which improved by age 5. Our infants were older (24 months corrected) when tested, which is considered more predictive by Hack et al. 12 and in the Bayley Manual. 28 In addition, those authors 12, 13 confirm that good MDI scores, both >69 and >84, as in the majority of our infants, are predictive of good performance at 5 to 8 years of age. If the data in these two studies were applied to ours, about half the 17 to 18% with MDI scores between 50 and 69 would improve by age 5 years old from significantly to mildly cognitively delayed.
Although we discuss our infants with sensory abnormalities, we do not address neurological abnormalities, which may make comparison to some other studies difficult. We do show that our infants showed more abnormal PDI than MDI exams within 1 s.d. at 24 months. Both Hack et al. 12 and others 16, 29 have shown that these early subjective exams may not be predictive of cerebral palsy. One 468-g child in our study scored 122 on the MDI and <50 on the PDI but was walking. It is difficult to categorize her as severely impaired even though her neurologic exam was severely abnormal at 24 month corrected.
It is clear that socially disadvantaged Medicaid infants of both ELBW and VLBW are at the highest risk of all and that finding ways to improve their compliance and outcomes is needed. Our results confirm that IUGR infants do not do as well as AGA infants at similar GA. However, our IUGR infants do seem to do as well as those of similar BW. Eighty percent of our 400 g survivors are IUGR, which helps explain why infants of this BW do not do well. IUGR infants should be considered to be at the same risk as those of similar BW rather than GA, especially when deciding whether to refer to developmental programs after discharge.
Although the tinier infants of the 1990s are receiving intervention and attention, our outcomes show that many larger than 1000 g BW infants must also be considered at risk for later problems and should not be overlooked when screening for early intervention.
A laminated card is used to communicate our NICU's unique outcomes to associated caregivers. Blanco et al. 30 also report distributing a card used in parent counseling. Obstetricians and perinatologists most often use the GA information on one side, whereas neonatal and pediatric caregivers use BW information on the reverse side. Predicted rates of impairment can be used to persuade developmental programs to accept these infants soon after NICU discharge when beginning treatment may be most effective. Caregivers should discuss these data with parents when deciding whether to provide NICU care to the smallest and earliest of these infants. We encourage all NICU's to provide similar information for their associated caregivers.
